ABSTRACT -Genetic and phenotypic parameters considering the genetic effect on hygienic behavior of queen and workers from 40 Africanized honeybees colonies were estimated separately. Maternal origin of queens was controlled whereas the paternal was unknown, and different groups of workers were considered in three seasons, 
Introduction
Hygienic behavior is a natural mechanism of resistance to diseases, including American Putrid Brood and Chalkbrood (Milne, 1983; Gilliam et al., 1989; Spivak & Gilliam, 1993) , characterized by uncapping and removing dead, sick or damaged brood from the honeycomb. Rothenbühler (1964) conducted the first genetic study for this trait and concluded that hygienic behavior is regulated by two loci of recessive genes. Recently, Lapidge et al. (2002) found seven loci that may be involved in controlling this behavior. Chevalet & Cournet (1982) suggested that performance and behavior of the colony result from the interaction between queen and worker bees. Those authors adapted the model developed by Willham (1963) -which separates the estimative of heritability for maternal and direct effect -for bees. Behavior is an inherited characteristic, genetically determined, but not always expressed, depending on factors such as population, force of the colony and some that are still unknown (Spivak & Gilliam, 1993; Rothenbühler, 1964; Lapidge et al., 2002) . According to Bienefeld et al. (2007) , the queen transmits half of her genes, and still offers environmental contribution to her worker daughters through quality and quantity of produced eggs and production of pheromones. Therefore, the genotype of the queen determines, at least in part, this behavior. Those authors proposed the use of a BLUP (Best Linear Unbiased Predictor) animal model with adaptations for bees, considering the effects of queen and workers, environmental and kinship effects.
The accuracy in estimating genetic value of individuals depends on genetic differences of population, environment, analyses, estimation method of covariance components and, mostly, on the effects considered in the statistical model used to evaluate the animals.
Therefore, this study was done to estimate genetic and phenotypic parameters of Africanized honeybees colonies with naturally fertilized queens, separately, considering the genetic effect of queen and workers on hygienic behavior at 24, 48 and 72 hours. (Santos & Message, 1980) for royal jelly production.
Material and Methods
Colonies were orphaned and received naturally fertilized virgin queens with controlled maternal origin identified with a numbered plate on thorax. The queen breeders that gave rise to these queens were brought randomly from commercial apiaries from the northern region of Paraná, western São Paulo and Paraguay, and had no history of performance.
Doolittle's method (1889) was used for the production of queens. Larvae age was used until one day of age, and queen cells were removed ten days after the larvae's transfer to be emerged in controlled laboratory oven.
The development cycle of an Africanized worker is 20 days (Nogueira-Couto & Couto, 2006) and the average longevity is 26.3 days, according to Terada et al. (1975) , for colonies ranging from 37,000 to 42,000 individuals. Thus, all the workers present in colony after approximately 45 days are daughters of the new queen. Evaluation of hygienic behavior was performed after that period, according to the method established by Rothenbühler (1964) , Newton et al. (1975) and revised by Spivak & Downey (1998) . That method defines the time spent by the colonies to detect, uncap and remove the brood killed by freezing (-20°C for 24 hours), from a honeycomb section of 5 × 6 cm (approximately 100 cells of larvae and/or capped brood on each side of the honeycomb), that had been cut from the nest of the colony to be evaluated.
Prior to being returned to their colony of origin, the section of honeycomb was thawed in laboratory oven at 34°C and 60% humidity during four hours for drying and establishment of the same internal temperature of the colony. Later, the section was photographed and mapped for the quantification of capped, uncapped and removed brood cells on both sides of the honeycomb at zero, 24, 48 and 72 hours.
Estimates for hygienic behavior were obtained using the following formula: A different group of workers was considered for each period of this experiment, and each group was treated as an individual. However, the kinship between groups is half-sisters, because the same queen remained in the three seasons.
The analyzed data refer to hygienic behavior measured at 24, 48 and 72 hours of 64 individuals among queens (24) and colonies (40), where 88 animals were counted in the kinship matrix.
Estimation of covariance components for all hygienic behavior traits at 24 hours (CH24), 48 hours (CH48) and 72 hours (CH72) was performed by the MTGSAM (Multiple Trait Gibbs Sampling in Animal Models) software, developed by Van Tassel & Van Vleck (1995) , proceeding the Bayesian estimation by Gibbs' sampling method.
Single and three trait analyses were performed using a model that included fixed effects of period and category of production; the direct genetic effects of honeybee workers and the permanent effects of environment and maternal genetics of the queen.
Presumptions were: fixed effects with uniform distribution, random effects with normal distribution and the covariance components with Wishart or Gamma reversed distribution.
The model used to estimate covariance components and genetic parameters for the percentage of hygienic behavior at 24, 48 and 72 hours was:
and where: Y = vector of observations; X, Z 1 , Z 2 and Z 3 = incidence matrix for fixed effects, direct genetic effects, maternal effects and environmentally permanent effects, respectively; β, a, m, p and e = vector of fixed effects, direct genetic effects, maternal effects, permanent environmental and waste effects , respectively. The joint distribution of y, g, m, p and e vectors can be described as follows:
where: 3   3  2  2   3  1  2  1  1   3  3  2  3  1  3  3   3  2  2  2  1  2  3  2  2   3  1  2  1  1  1  3  1  2  1  1   2   2   2   2 where: V = matrix of phenotypic variances and covariances among traits, G is the matrix of genetic variance and covariance among direct and maternal characteristics CH 24 , CH 48 and CH 72 ; A = matrix that relates the individuals genetically; P = matrix of variances and covariances of the environmentally permanent effects; I m = identity matrix with order equal to the number of mothers; R = matrix of residual covariances among traits; I n = identity matrix with order n equal to the number of observations.
Chains of Gibbs were generated for the single-trait analyses, with 8,550,000 iterations for CH 24 , and 6,550,000 iterations for CH 48 and CH 72 , whereas for three trait analysis, chains of Gibbs with 230,000,000 iterations were generated. The initial discard was 50,000 and the sampling interval was one thousand iterations for all analyses. Credibility intervals and regions of high density were constructed for all the covariance components and genetic parameters estimated at the 90% level of credibility.
Convergence monitoring of chains was performed with Heidelberger and Welch diagnostic tests, available in CODA library (Convergence Diagnosis and Output Analysis), implemented in the R software (2007).
Results and Discussion
Hygienic behavior means and standard deviations at 24, 48 and 72 hours were 0.76 ± 0.22, 0.88 ± 0.17 and 0.92 ± 0.15, respectively. All colonies were analyzed, and 15.63, 23.44 and 12.5% removed all the dead capped brood at 24, 48 and 72 hours respectively. According to Spivak & Downey (1998) , a colony must be considered hygienic if, within 48 hours, more than 95% of brood from the honeycomb section had been removed in two repetitions of the test. In this study, 42.19% of the colonies were classified in this condition.
There was an indicative of convergence for all chains when diagnostic tests for single and three-trait analyses were performed. Estimates of covariance components were accurate, with symmetric posterior distributions, because credible intervals presented low amplitudes and high density areas (HDA) equal or very close to the credible intervals. According to Casella & George (1992) , credible intervals can be defined according to posterior HAD of parameter when the distribution is symmetrical. High density area is that which contains (1 -a) 100% posterior probability, where a is the level of significance.
Estimates of CH 24 , CH 48 and CH 72 in single trait analysis were very similar (Table 1) . Values estimated for direct, maternal, environmentally permanent, residual and phenotypic additive variances indicated variability.
Direct and maternal heritability estimates were similar and presented low magnitude (Table 1) . This indicates the similar influence of queen and workers at the three periods and the significant influence of the environment. Gill & Kerr (1970) defined this behavior as highly influenced by the environment.
Direct heritability values are similar to those found by Milne (1985) , which estimated 0.14 for uncapping and 0.02 for removal of dead capped brood.
Covariance estimates between direct and maternal genetic effects showed equal means of -0.001, with credible intervals from -0.006 to 0.004, from -0.004 to 0.002 and from -0.004 to 0.002 for CH 24 , CH 48 and CH 72 , respectively. Within the same order, estimated high density regions were: from -0.006 to 0.004, from -0.004 to 0.002, and from -0.003 to 0.002. As a function of that, credible intervals were broad featuring estimates with low accuracy, but with symmetric posterior distributions. According to Bienefeld & Pirchner (1990) , negative correlation can be found in bees, as also occurs in other species.
When three trait analysis was performed, estimates were accurate with symmetrical posterior distribution ( Table 2) . Direct and maternal genetic variance estimates were between 0.02 (for hygienic behavior at 48 and 72 hours) and 0.03 (hygienic behavior at 24 hours); and between 0.02 (hygienic behavior at 24 and 72 hours) and 0.05 (hygienic behavior at 48 hours), respectively, and were higher than those found in single-trait analysis.
Covariance between direct and maternal genetic effects presented negative values, except where maternal genetic effect for hygienic behavior at 48 hours was associated with direct genetic effects of hygienic behavior at 24, 48 and 72 hours respectively. The negative values reflected the antagonism between direct and maternal genetic effects.
Queens from the colonies tested for hygienic behavior were the same during the three periods, so their effect in the model was maternal genetic and also environmentally permanent. Variance estimates of permanent environmental effect were higher in three trait analysis than those found in single trait analysis (Table 3) . Accuracy was similar with symmetrical posterior distribution for hygienic behavior at 24 and 72 hours. When assessed at 48 hours, hygienic behavior presented the highest estimate, with less accurate credible interval. Estimates for covariance between environmental permanent effects presented broad credible intervals and symmetrical posterior distribution.
Estimates of residual variance generated values of 0.02 (hygienic behavior at 48 and 72 hours) and 0.03 (hygienic behavior at 24 hours) and the residual covariance was 0.01 and 0.02 (Table 4 ). All estimates were accurate in three-trait analysis with symmetrical posterior distribution ( Table 2) . And these estimates were higher in single-trait analysis.
Estimates of phenotypic variance, which represents the random portion of the model in study ranged from 0.08 to 0.19 (Table 5 ) and presented higher accuracy at 24 and 72 hours. Once again, the estimate involving hygienic behavior at 48 hours was higher and less accurate.
The sum of genetic and environmental effects of the queen on hygienic behavior at 24, 48 and 72 hours accounted for 45.5, 68.4 and 50.0% of phenotypic variation, respectively. Isolating these effects, the contribution of maternal effects to phenotypic variance was 18.2, 26.3 and 25.0%, and to permanent environmental variance, it was 27.3, 42.1 and 25.0%, for hygienic behavior at 24, 48 and 72 hours, respectively. Workers have contributed to the phenotypic variance of features with 27.3, 10.5 and 25.0%, respectively.
Estimates for additive, maternal, permanent environmental and "permanent environmental covariances" in three trait analysis were higher than the residuals and lower than the ones found in single trait analysis. This is a result from the increased number of information considered in the three trait analysis.
Therefore, the choice between three trait or single trait analysis must be based on estimates of heritability and correlations among them (Table 6 ).
All estimates were accurate with symmetrical posterior distribution. Estimates of direct and maternal heritability for hygienic behavior were higher than those found for single trait analysis. This proves that the three trait analysis contributed to retrieving a larger portion of additive genetic variance. Table 2 -Estimates of direct and maternal additive genetic covariance components with respective credible intervals and high density areas at 90% in three trait analysis for hygienic behavior of Africanized honeybees Direct heritability estimates for hygienic behavior at 24 (0.28), 48 (0.15) and 72 hours (0.24) were lower than those found by Harbo & Harris (1999) , which was 0.65 at 24 hours. Those authors suggested that a heritability value higher than 0.25 is indicative of potential selection. Boecking et al. (2000) found heritability estimate of 0.36 through removal of perforated brood from 13 to 15 hours.
In descending order, genetic correlation with hygienic behavior between 24 and 48 hours presented the highest value (0.49), followed by the correlation observed between 48 and 72 hours (0.47) and between 24 and 72 hours (0.40). Phenotypic correlations were lower than genetic: 0.26 (24 and 48 hours), 0.31 (24 and 72 hours) and 0.20 (48 and 72 hours). Boecking et al. (2000) found genetic correlation of 0.61 and phenotypic correlation of 0.11 between Varroa destructor infestation and removal of dead capped brood.
Maternal genetic heritability estimates obtained in this study for hygienic behavior at 24 (0.23), 48 (0.29) and 72 hours (0.27) notably indicate the possibility of selecting this effect for hygienic behavior of Africanized honeybees, especially at 48 hours. The influence of the queen on hygienic behavior was noticeable at the three periods. This effect reflects the ability of the queen to produce greater or smaller number of workers and possibly pheromones that influence those workers.
Genetic correlations between direct and maternal additive effects were: -0.12 (24 hours), 0.09 (48 hours) and 0.08 (72 hours), indicating that, for hygienic behavior at 24 and 72 hours, the selection aiming to improve the additive direct effects does not affect the maternal genetic effects.
When hygienic behavior was determined at 48 hours, the higher maternal heritability resulted in lower direct heritability, indicating environmental contribution of the queen for hygienic behavior of the colony at 48 hours.
The highest estimate of heritability for hygienic behavior was at 24 hours (0.28), which presented genetic correlations of 0.49 and 0.40 for hygienic behavior at 48 and 72 hours respectively. Indicating the existence of higher genetic differences between colonies for dead capped brood removal at 24 hours. However, colonies with low genetic value for hygienic behavior at 24 hours may present high genetic value to the estimates obtained at 48 and 72 hours.
Thus, selection for hygienic behavior at 24 hours would lead to higher genetic gain for this trait. However, the selection over generations could reduce the genetic variability for hygienic behavior at 24 hours and the selection by hygienic behavior at 72 hours could become more efficient.
Quantifying direct and maternal effects within the proposed model confirmed the effect of the queen genes on hygienic behavior displayed by workers and allowed a highly accurate estimation of variance components within the available population studied. The use of a more adequate model in a breeding program for hygienic behavior provides a better description and results in highly accurate estimates of genetic values. 
Conclusions
The number of dead broods removed within 24 hours is an efficient selection criterion to improve hygienic behavior, as it was evidenced with a model that includes genetic effects of queen and workers separately. However, the moderate genetic correlation with the number of dead capped broods removed until 48 and 72 hours indicates that after generations of selection, these traits can become more efficient criteria for selection. h ), genetic (r g ) and phenotypic (r y ) correlations, credible intervals and high density areas at 90% in three trait analysis for hygienic behavior of Africanized honeybees
